This work aimed to find the effect of cranberry extract (75 and 150 mg/kg•b•w) and vit. C (1 g/kg•b•w orally) on renal toxicity induced by Diclofenac sodium in male albino rats. Treated rats with diclofenac sodium with a concentration 150 mg/kg•b•w, expressed a significant increase in several parameters includes, plasma total cholesterol, LDL-cholesterol, and triglyceride as well as renal nitric oxide (NO), tumor necrosis factor-alfa (TNF-α) and TBARS. In addition, a significant reduction in renal superoxide dismutase (SOD), GSH, catalase (CAT) and plasma HDL. The present results explain that, using cranberry extract and vit. C resulted in increasing the level of GSH, CAT and SOD as well as gene expression of renal SOD, CAT and IL-22 and reduce the level of TBARs significantly which led to preventing renal tissue damage. Our results also revealed that cranberry extract can protect DNA from damage as obtained from comet essay. TM-U was elevated in DCLF treated group when compared with normal. However cranberry extract was able to reduce this elevation in dose dependant manner. Histological features in H&E taken to different groups also mirrors this findings. DCLF causes many changes in renal tissue include infiltration by inflammatory cells, attenuated glomeruli, apoptosis in tubular epithelia. 
Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs) are commonly used all over the world as a medications [1] . NSAIDs have analgesic, anti-inflammatory and anti-pyretic effects by inhibition of the synthesis of prostaglandin (PG), by suppressing cyclooxygenase (COX) enzyme [2] . Diclofenac may have toxic effects on stomach and kidney, similar to other NSAIDs, by blocking prostaglandin synthesis [3] . Reactive oxygen species are always released through the tissues [4] also they can be deactivated under the effect of (catalase, glutathione peroxidase, superoxide dismutase, etc.) or non-enzymatic (glutathione, vitamin A, vitamin C, etc.) substances [5] . Oxidative and ant-oxidative substances are present in the body in a balance state. If the antioxidants are insufficient or the reactive oxygen radicals are produced extremely, the oxidative stress happens. So, oxidative stress leads to lipid peroxidation. Malondialdehyde (MDA) is the most biological marker used to determine lipid peroxidation [6] . NSAIDs can affect oxidative balance in the body, and some of them have antioxidant activity while others exhibit oxidant activity [3] , Craneberry contains about twice the contents of the other usually used fruit juices, as pomegranate and grape [7] . It is the most important source of food plants that contain flavonol, it includes 20 kinds of them [8] [9] and [10] . No reports about antioxidant of cranberry extract against Diclofenac sodium stimulate renal toxicity in rats [11] [12] [13] [14] . The aim of the present study was to explain scavenging of free radical and renal protective activities of cranberry extract and vitamin C in rat's model of diclofenac sodium-induced renal toxicity.
Materials and Methods

Cranberry Dose
-Cranberry extract was imported from Virgin Extracts (TM), China. Male rates were treated daily for 21 days by 2 doses of the extract; (75 & 150 mg/kg•b•w) which represent 1/150 & 1/75 of LD 50 sequentially. Oral gastric gavage tube was used. -Diclofenac sodium (100%) and (Vitamin C, 100%) were obtained from Merck Ltd., Germany. All used reagents were of analytical grade.
Experimental Design
The present methodology was set up to explain the prophylactic potential of cranberry against Diclofenac sodium induced renal toxicity in-vivo. 50 rats were distributed in 5 groups of animals; 10 rats per each group. Animals were treated daily for 21 days as follows.
-Group I: Normal; was administrated with saline, orally for 21 days. 
Biochemical Analysis
Blood samples: At the end of experimental period, blood samples were obtained in clean, dry, and screw capped tubes, Also, plasma was separated by centrifugation for 15 minutes at 2500 r•p•m. Separated serum was transformed using automatic pipette into dry sterile tube and placed in a deep freezer at −20˚C until used for biochemical analysis.
Renal tissue: Animals were sacrificed by decapitation after 21 days. The rats were dissected for obtaining kidney tissues. The specimens were cleaned by rinsing in ice-cold isotonic saline then dried using filter papers and immediately kept in a deep freezer at (−20˚C) for biochemical analysis of blood and renal GSH [18] , superoxide dismutase (SOD) [19] , catalase (CAT) [20] and TBARS [21] as well as TNF-α [22] and nitric oxide [23] , as well as total protein [24] , triglyceride [25] , total cholesterol [26] , HDL-C [27] and LDL-cholesterol [28] .
Finally, renal SOD, CAT and interleukin-22 (IL-22) and Beta actin gene expression were determined depending on the method explained by Pfaffl et al., [29] and Wolk et al., [30] . 
Histological Assessment
The slices of extracted kidney were fixed in 10% formaldehyde then, washed to remove fixative and placed in 70% alcohol followed by ascending series of ethyl alcohol. Tissues were cleared in xylene before embedded in molten paraffin wax (58˚C -62˚C). 5 µ cross sections were cut using microtome and mounted on glass slides .The mounted sections were stained with hematoxylin eosin for light microscopic observation depending on the method of Bancroft and Steven [31] .
Statistical Analysis
Statistical differences between the groups were tested by analysis of variance (Anova) using SPSS 15, Inc., Chicago, IL, USA [32] . P value of > 0.05 = non significant (Ns) P value of < 0.05 = significant. P value < 0.001 = highly significant. Table 3 showed that oral administration of Diclofenac sodium at 150 mg leads to a significant elevation in renal TNF-α, TBARS and NO versus normal rats (p < 0.01). Rat receiving extract of any of the two doses of cranberry extract used in this study (75 and 150 mg) showed a significant decrease in renal TNF-α, NO and TBARS compared to the treated group with Diclofenac sodium (p < 0.01). Also, supplementation of vitamin C resulted in a significant decrease in renal TNF-α, NO and TBARS versus Diclofenac sodium treated group (p < 0.01). Table 4 and Table 5 showed that administration of Diclofenac sodium produce a significant reduction in the level of blood and renal GSH as well as activities of CAT and SOD compared to the normal control rats (p < 0.01). Rat receiving extract of any of the two doses of cranberry extract used in this study (75 and 150 mg) showed that, the level of renal and blood GSH increased significantly and also the activities of SOD and CAT comparable to Diclofenac sodium treated group (p < 0.01). Also, supplementation of vitamin C leads to a significant elevation in renal and blood GSH as well as activities of CAT and SOD versus to the group treated with Diclofenac sodium (p < 0.01). Table 6 showed that, the level of TG, TC and LDL-C in plasma increased sig- As shown in Table 7 , renal level of IL-22 gene expression in Diclofenac sodium-treated rats was higher compared to the normal control (P < 0.05). Treatment with cranberry extract (75 and 150 mg) resulted in significantly decreased of renal IL-22 gene expression level compared to Diclofenac sodium-treated rats. 
Results
DNA Damage
Renal cortex cells photomicrographs show different DNA migration patterns when exposed to diclofenac Figure 1 . The DNA content migrated as a tails of comet when nuclear DNA damage takes place (Table 8 ). There is a direct relationship between the degree of damage and the tail length. In Diclofenac sodium treated groups, the level of DNA damage was increased, as represented by the elongation of comet tail. The treatment with cranberry extract efficiently improves the damage, depending on the administrated dose, as appeared by tail length reduction.
T.M-U as marker for DNA fragmentation was markedly higher in diclofenac treated rats (P < 0.0001) ( Table 8) versus normal control rats. The groups of rats treated with 75 mg, 150 mg crane berry extracts and 500 mg vit. C showed that T.M-U highly significant decrease of levels when compared with positive control group (diclofenc groups) of rats (P < 0.0001). The treatment effect of 50 mg crane berry extracts was more pronounced than the effect of 75 mg crane berry extracts.
The groups of rats treated with 150 mg crane berry extracts and 500 mg vit. C showed similar T.M-U levels.
Histopathological Findings
Light microscope investigation in control group showed normal histology of renal cortex. Diclofenac sodium diclofenac treated group (group 2) examination revealed many changes in renal tissue include atrophy in renal glomeruli with dilated urinary space. Mild infiltration of inflammatory cell was in between dilated tubules. This group also showed many pyknotic nuclei in renal tubular epithelia appears condensed and heavily stained, other cells in tubular epithelia have pale stained nuclei indicating karyolysis. Vacuolations of the epithelial lining of the tubules are also noticed, group c treated with 75 mg cranberry showed moderate T.M-U as marker for DNA fragmentation was markedly higher in diclofenac treated rats (P < 0.0001).
histological change; enlarged urinary space (US), vacolated cytoplasm (V). 
Discussion
Diclofenac can stimulate huge oxidative stress in vivo as acute renal dysfunction
[33] [34] . Medicinal plants are the main source of antioxidant compounds that are comparatively plentiful in human food and may be implicated in protection against cancers, heart and nervous system diseases [35] .
The antioxidant function of flavonoid components in craneberry is confirmed [36] . In addition, cranberry procyanidins have been discovered to fight reactive carbonyls by formation of adducts [37] , and the present research explained elevation of plasma protein in Diclofenac sodium treated animals. The anti-inflammatory activity of cranberry is due to its proanthocyanidin content [37] . The significant increase in level of serum and renal TNF-α, NO and TBARS in diclofenac-treated groups indicates ongoing peroxidative stress and compromised antioxidant defense mechanisms. The mechanism of diclofenac-induced mitochondrial injury seems to involve generation of ROS, causing oxidative stress to renal tissue as proposed by Hickey et al. [38] . The underlying mechanisms to produce oxidative stress by the effect of NSAIDs have been suggested to be based on the releasing of NSAID radicals, which in turn can oxidize GSH and NAD(P)H. NSAID radicals can undergo redox cycling. In other systems, gastric mucosa lesions is elevated by extracellular TNF-α and NO [39] , specially, has been found to give rise to acute cell death in both vitro and vivo [40] . the finding that Diclofenac sodium exposure leads to a fast increase in plasma levels of TNF-α and NO [41] and that suppressing of TNF-α synthesis protects from NSAID-induced gastropathy [42] suggests that this cytokine has an important role in scavenging gastric mucosal injury in NSAID-treated rats. In the present work, NSAIDs activate TNF-α and NO production as well as gene expression of IL-22. It has been demostrated that DIC exposure is incorporated with lipoxygenase-derived peroxides which produce tissue damage [15] . The noticeable elevation in the level of TBARS and HP (lipid peroxidative markers) in the kidney may lead to lipid peroxidation in the DIC-treated animals [16] . Hussein,
[12] has mentioned that, the level of lipid peroxides elevated in the tissues of DIC-treated rats. The present work revealed that, TBARS level in kidney was significantly lower in the cranberry and vit. C treated groups versus the DIC-treated group. Abdel-Maksoud et al., [16] confirmed the present results.
The current study showed a significant decrease in GSH level which refers to the oxidative stress effect of diclofenac in rats renal tissue. Also, there is a reduc- sulted from toxic chemicals and conjugate them to less toxic products [43] . CAT is a widely spread antioxidant enzyme in animal tissues. It protects tissues from hyperactive hydroxyl radicals through decomposing hydrogen peroxide [43] . In diclofenac treated groups, the activity of CAT reduced as well as GSH level through inhibition of its metabolizing enzymes. Thus, the ability of renal tissue to overcome the oxidative stress damage caused by diclofenac is reduced.
The present results agree with other authors who found that, the renal tissues in diclofenac treated animals showed reduction in the levels of enzymatic and non-enzymatic antioxidants [44] [45] . Also, oral administration of Diclofenac sodium leads to significant reduction in renal SOD and CAT gene expression versus normal control group. The present study mainly showing the ameliorating effect of cranberry' polyphenols on Diclofenac induced renal toxicity in studied groups. The decreased concentration of lipid hydroperoxides and thiobarbituric acid reactive substances ensure the ameliorating effect of cranberry polyphenols antioxidant [46] . Diclofenac sodium increases functional abnormalities and cellular damage in renal tissue by the process of lipid peroxidation [12] [38].
The cell membrane contains a large amount of polyunsaturated fatty acids which are susceptible to damage effect of oxidants. This leads to decreasing HDL-C level and increasing LDL-C level [47] [48].
The present work indicate that treatment of rats with diclofenac caused hyperlipidemia which appeared as a significant elevation in lipid profiles (TG, TCh and LDL-C) accompanying with reduction in HDL-C compared to control rats. These results confirmed by the results of Mehta et al. [49] .
Hyperlipidemia and elevation of plasma free fatty acids are induced by lipolysis effect of diclofenac sodium [50] . This may be due to its strong inhibitory effect on the synthesis of prostaglandins [51] [52].
Gedik and Collins [53] reported that, oxidative stress is one of the most important factors for increasing DNA damage. Caillet et al. [54] and Skrovankova [55] confirmed that, cranberry has the ability to scavenge the effects of free radical. De Martinis & Bianchi [56] explained that, the involved frequently attack the DNA resulting in its damage which can be reduced by ingesting food supplement and vitamins combination containing enough amounts of antioxidants.
Rahman et al. [57] confirmed that, antioxidants are the most important factors which protect the tissues against activated oxygen species.
Cellular macromolecules including DNA are very susceptible to oxidative injury by ROS, [58] . Other studies indicate that ROS can affect the functional as well as structural integrity of cell membrane and organelles [59] But according to Hickey et al. [38] DCLF suppress cellular genomic repair capability, and activated kidney endonuclease to produce damage.
The comet assay is an important technique for detecting of DNA damage [68] .
The present work showed that the T.M-U was markedly higher in diclofenac treated rats (P < 0.0001) if compared with negative control of rats.
These data explained by Pandey et al. [69] who revealed that exposure to diclofenac can cause both DNA and oxidative damages. This may explain apoptotic cell death of kidney tissues [70] .
Also, the groups of rats treated with 75 mg, 150 mg crane berry extracts and 500 mg vit. C showed a highly significant decrease of T.M-U levels when compared with positive control group. The groups of rats treated with 150 mg crane berry extracts and 500 mg vit. C showed similar T.M-U levels. These results confirm the biochemical data in the present study which suggests that cranberry have strong oxygen radical absorbing capacity in a dose dependant manner. So, Cranberry extract is involved in reduce apoptosis and DNA fragmentation.
Many studies reported that SOD2 is the main enzyme of mitochondrial matrix that play an important role in the protection against diclofenac induced-apoptosis and accordingly protect against oxidative stress [71] [72] [73] [74] [75] . SOD2 transfer the toxic superoxide to hydrogen peroxide and molecular oxygen [71] .
In this paper the cranberry extract treated group enhances SOD levels and its gene expression. Reduction of apoptosis indicated by results of DNA damage is as well as in his pathological study.
Kidney is a main target for many toxins. NSAD as diclofenac are used clinically. So, it is interesting to study the probable deleterious effects of diclofenac on the kidney tissues [76] [77] . The result of the present study coincided with Abdel Rahm [78] who reported that, the examined normal control kidney stained with haematoxylin and eosin revealed that the renal tubules and corpuscles are the main compartment of the renal cortex. Renal corpuscle composed of glomerulus enclosed by Bowman's capsule. Proximal convoluted tubules had narrower lumen and more eosinophilic cytoplasm than distal convoluted tubules. Both of them are lined with small cuboidal cells.
In the present study, treatment with diclofenac has negative effects on the kidney and could disrupt the normal renal histologic structure. By light microscope, the changes were manifested by the appearance of shrinked glomerulus and inflammatory cells infiltrate in between tubules. Widening of bowman's space and vaculations in the lining epithelium of the tubules were also observed. Similar changes have been recorded by many authors in other experimental models of renal cortex disorders. For instance, in toxic effect of Gibberellic Acid [78] , in diclofenac effect on the kidney of the prenatally administered rats [79] , and non-Steroidal Anti-Inflammatory drugs as diclofenac, [80] [81] [82] , and Meloxicam and Ketoprofen [83] .
Samir et al. [84] explained that, treating the body tissues with toxic substances The recorded histological observations of the present work revealed that inhibition of the diverse effect of diclofenac on the renal cortex is directly proportional with the crane berry concentrations. Such findings go parallel with the observations of Ushijima et al. [86] .
The recorded histological observations of the present work revealed that, the treated groups with vit. C and with the higher dose of crane berry extract (150 m g) exhibit a weak expression of renal cortex damage; great improvement in the epithelial lining and slight shrinkage of the glomerulus. These results agree with
El-shafei and Saleh [87] . Similar findings were reported by Li et al. [88] who studied the effect of vitamin C on DNA damage of mice kidney treated with arsenic.
Jia et al. [89] , Konopacka [90] and Sohini & Rana [91] explained that, vit. C as an antioxidant has the ability to protect the body from nitrogen and reactive oxygen species. Accordingly, it can protect the main biological macromolecules from oxidative stress.
Conclusion
From the obtained results it could be concluded that cranberry extract was an effective in protection against renal toxicity induced by Diclofenac sodium in rats. Cranberry extract received the highest oxygen radical absorbing capacity (ORAC) value and exhibited superior antioxidant properties and it was able to ameliorate DNA damage and plasma oxidative stress biomarkers as well as enzymatic and non-enzymatic antioxidant defense system in renal tissue.
